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(54) A decoding apparatus 

(57) An waveform equalizer equalizes the signal 
reproduced from an optical disc to remove reproduction 
waveform distortion with a frequency characteristic con- 
trolled. A binary coder and a PLL circuit generate a bit 
clock. An a/d converter a/d-converts the equalized sig- 
nal in response to the brt clock. A Vrtert* deccder includ- 
ing metric operation decodes the output of the a/d 
converter in response to the bit clock. The metric oper- 
ation generates a metric operation result from an output 
of the a/d-converter and prediction data. The Vrterbi 



decoder decodes the output of the a/d converter 
through the metric operation according to prediction 
data. An operating circuit generates an equalizing error 
from the output of a/d converter and a waveform equal- 
izing target A coefficient generator controls the fre- 
quency characteristic according to the equalizing error 
to minimize the equalizing error. The prediction data for 
the metric operation is obtained from the output of the 
a/d converter for better decoding. 
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Description 

[0001 ] This invention relates to a decocfi ng appara- 
tus, particularly to a decoding apparatus for decoding a 
signal reproduced from an optical disc. 
[0002] A decoding apparatus for decoding a signal 
reproduced from an optical disc is known. 
[0003] Fig. 11 is a block diagram of a prior art 
decodng apparatus for decoding a signal reproduced 
from an optical disc. In Fig. 11, an RF (radio wave fre- 
quency) signal reproduced from an optical disc is sup- 
plied a gain-controlled amplifier 1 1 . The gain-controlled 
amplifier 11 amplifies the RF signal with its envelope 
level kept constant in accordance with a gain control 
signal. An output of the gain-controlled amplifier 11 is 
supplied to a waveform equalizing circuit 12. The wave- 
form equalizing circuit 12 removes a waveform distor- 
tion caused by lack of transmission bandwidth, that is, 
waveform-shapes the output of the gairt-controBed 
amplifier 11. A level detection and controlling circuit 13 
compares an envelope level of an output of the wave- 
form equalizing circuit 12 with a target value and gener- 
ates a gain control signal to make the envelop level 
equal to the target value to control the gain of the gain 
controlled amplifier 1 1 . 

[0004] An output of the waveform equalizing circuit 
12 is supplied to one input of an adder 14. A binary cod- 
ing circuit 15 binary-codes the output of the adder 14 
such that the output of the adder 14 compared with a 
center level to output a reproduced code stream. The 
reproduced code stream is also supplied to a PLL 
( Phase Locked Loop) circuit 17 and to an automatic 
slicer 16. 

[0005] The automatic slicer 16 generates a level 
adjusting signal from the reproduced code stream and 
supplies it to another input of the adder 14 to adjust the 
center level of the output of adder to prevent binary-cod- 
ing error caused by asymmetric waveforms which may 
be generated in accordance with a molding condition of 
the optical cfisc. The PLL circuit 17 generates a bit syn- 
chronizing clock from the reproduced code stream. 
[0006] In this prior art decoding apparatus, the 
binary coding circuit only binary-codes the output of the 
adder 1 4 by comparing the output of the adder 1 4 with 
a center line level adjusted, so that if skew occurs in a 
relative angle between the optical pickup generating the 
RF signal and the optical disc there is a tendency that 
the S/N ratio becomes insufficient 
[0007] Moreover, another prior art decoding appa- 
ratus including Vrterbi decoder is known. Fig. 12 is a 
block diagram of such a prior art Vrterbi decoder 
described in "PIONEER R&D" (Vol. 6. No. 2). In Fig. 12. 
a reproduced signal from an optical head is supplied to 
an a/d converter 101 . An output of the a/d converter 101 
supplied to a Vrterbi decoder. The Vrterbi decoder 
includes a branch metric operation circuit 102 for effect- 
ing a branch metric operation with the output of the a/d 
converter 101 and first to third prediction values to out- 



put a square error between the reproduced sample 
value and the first to third prediction values, a path met- 
. ric operation circuit 103 for effecting a path metric oper- 
ation, and a path memory 104 for storing an output of 

5 the path metric operation circuit 103. 

[0008] The output of the Vrterbi decoder is suppGed 
to an eight/sixteen demodulator 105. 
(9009] The a/d converter 101 a/d-converts the 
reproduced signal and limits peak values. The Vrterbi 

io decoder effects Vrterbi decoding processing including 
the metric operation with only three fixed values of pre- 
diction data, that is high, zero, and low values to output 
a reproduced code stream. 

[0010] In this prior art decoding apparatus, there is 

is a problem in that the metric characteristic which the 
reproduced signal inherently has is insufficiently used. 
[0011] The aim of the present invention is to provide 
an improved decoding apparatus. 
[0012] According to the present invention, a first 

20 decoding apparatus for decoding a signal reproduced 
from an optical disc is provided which includes: a gain 
control circuit for controlling an envelope level of a 
waveform of the signal to a predetermined level; an 
waveform equalizing circuit having a frequency charac- 

25 teristic for waveform-equalizing the signal from the gain 
control circuit to remove reproduction waveform distor- 
tion of the signal, the frequency characteristic being 
changed in accordance with at least a tap coefficient; a 
binary coding circuit for binary-coding an output of the 

30 waveform equalizing circuit; a phase-tocked-toop circuit 
for generating a bit synchronizing clock signal on the 
basis of an output of the binary coding circuit; an a/d 
converting circuit for a/d-converting an output of the 
waveform equalizing circuit in response to the bit syn- 

36 chrorizing dock signal; a Vrterbi decoding circuit includ- 
ing a metric operation circuit for Vrterbi-decoding the 
output of the a/d converting circuit in response to the bit 
synchronizing clock signal to output a bit stream, the 
metric operation circuit generating a metric operation 

40 result from an output of the a/d-converting circuit and 
prediction data, the Vrterbi decoding circuit Vrterbi- 
decoding the output of the a/d converting circuit with the 
metric operation result; an operating ctrcurt for operating 
an equalizing error from the output of a/d converting cir- 

45 curt and a waveform equalizing target value; a coeffi- 
cient generation circuit for generating the tap coefficient 
from the equalizing error to minimize the equalizing 
error; and a circuit for operating the prediction data from 
the output of the a/d converting circuit. 

so [001 3j According to the present invention, a second 
decoding apparatus for decoding a signal reproduced 
from an optical dec is provided which includes: an auto- 
matic gain control circuit for controlling an envelope 
level of a waveform of the signal to a predetermined 

55 level; a waveform equalizing circuit having a frequency 
characteristic for waveform-equalizing the signal from 
the automatic gain control ctrcurt to remove reproduc- 
tion waveform distortion of the signal, the frequency 
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characteristic being changed in accordance with at least 
a tap coefficient; an a/id converting circuit for aAJ-con- 
verting an output of the waveform equalizing circuit in 
response to a sampling dock signal; a bit clock opera- 
tion and data estimating circuit responsive to said sam- s 
pting dock signal for operating a bit synchronizing clock 
position from an output of the aAJ converting circuit to 
generate a bit synchronizing clock signal and estimating 
a level of an output of the aAJ converting tircuitatthebit 
synchronizing dock position to output estimated data; a w 
Viterbi decoding circuit inducting metric operation circuit 
tor Vrterbt-decodng the output of the a/d converting dr- 
cuit in response to the bit synchronizing clock signal to 
output a bit stream, the metric operation drcuit generat- 
ing a metric operation result from an output of the a/d- 15 
converting drcuit and prediction data, the Viterbi decod- 
ing circuit Vrterbi-decoding the output of the aAJ convert- 
ing drcuit with the metric operation result an operating 
drcuit for operating an equalizing error from the output 
of the a/d converting circuit and a waveform equalizing 20 
target value; a coeffident generation drcuit for generat- 
ing the tap coeffident from the equalizing error to mini- 
mize the equalizing error; and a circuit for operating the 
prediction data from the output of the aAJ converting dr- 
cuit 25 
[0014] The features of the present invention wfll 
become more readily apparent from the following 
detailed description of exemplary embodiments and the 
accompanying drawings, in which: 

30 

Fig. 1 is a block diagram of a decoding apparatus 
according to a first embodiment of this invention; 
Fig. 2 is a block diagram of the waveform equalizing 
drcuit shown in Fig. 1; 

Fig. 3A is a graphical drawing of a prior art showing 35 
an eye pattern of a waveform equalizing circuit with- 
out adaptive waveform equafizing; 
Fig. 3B is a graphical drawing of the first embodi- 
ment showing an eye pattern observed at the wave- 
form equalizing drcuit shown in Fig. 1; 40 
Fig. 4 is a jpaphical drawing of the first embodiment 
showing target values of waveform equalizing; 
Fig. 5A is an D lustration of this embodiment show- 
ing condition transition of the Vrterbi decoder shown 
in Fig. 1; 45 
Fig. 5B is a table of this embodiment showing a 
relation between the condition transition shown in 
Fig. 5A and data; 

Fig. 6 is an illustration of the first embodiment 
showing a trellis diagram of the Viterbi decoder so 
shown in Fig. 1 ; 

Fig. 7 is a graphical drawing of the first embodiment 
shewing a histogram of a/d coding results; 
Fig. 8 is a graphical drawing of the first embodiment 
showing a relation between the signal to noise rati 55 
and the error rate accorcfing to this embodiment; 
Fig. 9 is a block diagram of a decoding drcuit of a 
second embodiment; 



Figs. 10A to 10E are time charts of the second 
embodiment illustrating the operation of the data 
estimating PLL circuit shown in Fig. 9; 
Fig. 11 is a block cfiagram of a prior art decoding 
apparatus for decoding a signal reproduced from 
an optical disc; 

Fig. 12 is a block cfiagram of a prior art Viterbi 
decoder; 

Fig. 13 is a block dagram of the prediction data 
controlling and equalizing error operation drcuit 
shown in Figs. 1 and 9; and 
Fig. 14 is a block diagram of the data estimating 
PLL drcuit according to the second embodiment 

[0015] The same or corresponding elements or 
parts are designated with like references throughout the 
drawings. 

(FIRST EMBODIMENT) 

[0016] Fig. 1 is a block cfiagram of a decoding appa- 
ratus according to a first embodiment of this invention. 
[0017] An RF (radio wave frequency) signal repro- 
duced from an optical cfisc is supplied to a gain-control- 
led amplifier 11. The gain-controlled amplifier 11 
amplifies the RF signal with envelope level kept con- 
stant in accordance with a gain control signal. An output 
of the gain-controlled amplifier 1 1 is supplied to a wave- 
form equalizing drcuit 12 A. The waveform equalizing 
drcuit 12A removes a waveform distortion caused by 
lack of transmission bandwidth, that is. the waveform 
equalizing drcuit 12A waveform-shapes the output of 
the gain-controlled amplifier 1 1 with its frequency char- 
acteristic controlled. An output of the waveform equaliz- 
ing drcuit 12A is supplied to a level detection and 
controlling drcuit 13, an a/d converter 18, and a binary 
coding circuit 15. The level detection and controlling dr- 
cuit 13 compares an envelope level of an output of the 
waveform equalizing circuit 1 2A with a target value and 
generates the gain control signal to make the envelop 
level equal to the target value to control the gain of the 
gain-controlled amplifier 11. The binary coding drcuit 
15 binary-codes the output of the waveform equalizing 
drcuit 12A such that the output of the waveform equal- 
izing drcuit 12A is compared with a center level to out- 
put a reproduced code stream. The reproduced code 
stream is supplied to a PLL (Phase locked Loop) drcuit 
1 7 and to an automatic dicer 16. 
[0018] The automatic slicer 16 generates a level 
adjusting signal from the reproduced code stream and 
supplies the level adjusting signal to the binary coding 
drcuit 1 5 to adjust the center level for comparing to pre- 
vent binary-coding error caused by asymmetric wave- 
forms which may be generated in accordance with a 
molding condition of the optical disc. The PLL drcuit 1 7 
generates a bit synchronizing signal from the repro- 
duced code stream. 

[0019] The aAJ converter 18 aAJ-converts the output 
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of the waveform equalizing circuit 12A in response to 
the bit synchronizing clock signal as a sampling pulse. 
An output of the a/d converter 18 is supplied to a Vrterbi 
decoder 19 and a prediction data (values) controlling 
and equalizing error operation circuit 20 which obtains 
an equalizing error between e quali z in g target data and 
the output of the a/d converter 18. The equalizing error 
signal is supplied to a tap coefficient controlling circuit 
21 which generates a tap coefficient control signal in 
accordance with the equalizing error signal. The tap 
coefficient control signal is supplied to the waveform 
equalizing circuit 12A to control the frequency charac- 
teristic of the waveform equalizing circuit 12A. 
[0020] The prediction data controlOng and equaliz- 
ing error operation circuit 20 further generates predic- 
tion data (values) for metric operation of the Vrterbi 
decoder 19 from the equafizing error signal. 
[0021] The Vrterbi decoder 19 decodes the output 
of the a/d converter 18 with the prediction data through 
the metric operation to output a reproduced code 
stream. 

[0022] The operation will be described more specif- 
ically. 

[0023] Fig. 2 is a block diagram of the waveform 
equalizing circuit 12A shown in Fig. 1. The waveform 
equalizing circuit 12A includes an input terminal 31 for 
inputting the output of the gain-controlled amplifier 1 1, 
tap coefficient control signal input terminals 32 to 34 for 
inputting tap coefficients C-1. CO, and C1, a delay 35 for 
delaying the output of the gain-controOed amplifier 11 by 
a predetermined interval, a delay 36 for delaying an out- 
put of the delay 35 by the predetermined interval, a mul- 
tiplier M1 multiplies the output of the gain-controlled 
amplifier 11 by the tap coefficient C-1, a multiplier M2 
multiplies the output of the delay 35 by the tap coeffi- 
cient CO, a multiplier M3 multiplies the output of the 
delay 36 by the tap coefficient C1. and an adder 37 for 
adding the outputs of the multipliers M1 , M2, and M3 to 
provide the output of the waveform equalizing circuit 
1 2A. This structure controls the frequency characteristic 
of the waveform equalizing circuit 12A by controlling the 
tap coefficients C-1, CO, and C1 from the tap coefficient 
controlling circuit 21. 

[0024] The prediction data controlling and equafiz- 
ing error operation circuit 20 generates five prediction 
values (data) corresponding to converged levels of the 
sampled value of the a/d converter 18 on the basis of 
the output of the a/d converter 18 and operates the 
equalizing error in the waveform equalizing circuit 12A. 
The tap coefficient control circuit 21 adjusts the tap 
coefficients C-1, CO, and C1 such that the equalizing 
error is minimized or reduced. 
[0025] In this embodiment, the number of the tap 
coefficients is three. However, this embodiment is appli- 
cable to a waveform equalizing supplied with more than 
three tap coefficients. 

[0026] Fig. 13 is a block diagram of the prediction 
data controlling and equalizing error operation circuit 20 



shown in Rg. 1. 

[0027] The prediction data controlling and equaliz- 
ing error operation circuit 20 includes a equalizing error 
operation circuit 51 for operating the equalizing error 

5 signal in accordance with the a/d-converted value and 
prediction target values and a prediction value control 
circuit 52 for generating mean values of the equalizing 
error in accordance with each prediction target value to 
supply the prediction data to the Vrterbi decoder 19. 

w [0028] Fig. 3A is a graphical drawing of a prior art 
showing an eye pattern of a waveform equalizing circuit 
without adaptive waveform equalizing. Fig. 3B is a 
g/aphicaJ drawing of this emtxxfiment showing an eye 
pattern observed at the waveform equalizing circuit 12A 

is with adaptive waveform equafizing. Fig. 4 is a graphical 
drawing of this embodiment showing target values of 
waveform equalizing. Fig. 5A is an illustration of this 
embocfiment showing condition transition of the Vrterbi 
decoder shown in Fig. 1. Fig. 5B is a table of this 

20 embodiment showing a relation between the condition 
transition shown in Rg.SA and data. Fig. 6 is an illustra- 
tion of the first embodiment showing a trellis diagram of 
the Vrterbi decoder 19. 

[0029] If waveform equalizing is effected without 
25 adaptive waveform equalizing, the eye pattern is 
observed as shown in Rg. 3 A. On the other hand, if 
ideal waveform equafizing is effected by the waveform 
equafizing circuit 12A with adaptive waveform equaliz- 
ing according to this embodiment, the eye patten is 
30 observed as shown in Rg. 3B. This waveform is pro- 
vided with waveform equalizing with a partial response 
characteristic (1,1,1,1), that is, waveform equalizing to 
have response of 1,1,1, 1 at the bit synchronizing posi- 
tion in response to a single input pulse (isolated pulse). 
35 However, this embodiment is applicable to decoders 
using other partial response characteristics. 
[0030] In Rgsw 3A and 3B, arrows show sampling 
points. The a/d converter 18 aAd-converts the output of 
the waveform equalizing circuit 12A at the sampling 
40 points in response to the bit synchronizing clock signal, 
so that the a/d-converted values can be represented 
with either of five values which is nearest to the input of 
the a/d converter 1 8. The prediction data controlling and 
equalizing error operation circuit 20 operates the equal - 
45 izing error from the equalizing target values and the a/d- 
converted signal and generates five prediction values 
(data) corresponding the five values for the a/d convert- 
ing from the obtained equalizing error and supplies the 
five prediction values to the Vrterbi decoder 19. The tar- 
so get values U, ML, 0, -ML), and -L for the waveform 
equalizing are set as shown in Rg. 4. Moreover, the pre- 
diction data controlling and equalizing error operation 
circuit 20 supplies the equalizing error signal to the tap 
coefficient controlling circuit 21 . 
55 [0031] The condition transition in the Vrterbi 
decoder 19 is shown in Rg. 5A and the relation between 
the condition transition and the data is shown in Rg. SB. 
A trellis cfiagram of the Vrterbi decoder 19 is shown in 
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Fig. 6. 

[0032] The equalizing error operation and the pre- 
diction value operation will be described more specifi- 
cally. 

[0033] The automatic gain control circuit inducing 
the gain-controlled amplifier 1 1 and the level detection 
and controlling circuit 13 keeps peak to peak values 
substantial ly constant Therefore, if the symmetric char- 
acteristic and the waveform equalizing characteristic 
are ideal, the output of the a/d converter 18 converges 
on either of equalizing target values U ML, 0, -M U. and 
-L 

[Q034] The output of the a/6 converter 18 is sip- 
plied to the predctfon value controlling and equalizing 
error operation circuit 20 at every sampfing to operate 
the equalizing error. It is assumed that the equation 
error at time k is ek. Then, ek is obtained from a differ- 
ence between the sampled value and one of equalizing 
target values nearest to the sampled value. The tap 
coefficient control circuit 21 operates the tap coeffi- 
cients C-1, Co, and C1 from the equalizing error ek at 
the time k. In this embodiment an example of operating 
by ZF (Zero-Forcing) algorithm is shown. That is, the tap 
coefficient operation in the tap coefficient control circuit 
21 with the ZF algorithm is given by: 

CrfH-1 ] = Cn[i] -axXsgn ( S*(k-n) x ek) 

where Cn represents either of coef fi cients C-1 , CO, and 
C1. i represents a coefficient renewing unit which is a 
predetermined interval defined by an operation clock 
signal, a is a renewing coefficient which is smaller than 
one, £ represents a total of the number of samples at 
the renewing unit timing, and S*(k-n) represents an 
equation target value. That is, the (i+l)* 1 tap coefficient 
indicates that the i* tap is corrected with the second 
term of the above equation. 

[0035] Moreover, the sgn function used in this 
equation is a signature function represented by: 

sgn (x) = 1 (x > 0, x = 0) 

sgn (x) = -1 (x < 0) 

[0036] The tap coefficient control circuit 21 succes- 
sively renews values of the tap coefficients C-1 , CO, and 
C1 from the initial tap coefficient setting values in 
accordance with the equalizing error from the prediction 
value controlling and equalizing error operation circuit 
20 with the above equation to supply the tap coefficient 
control signal to the waveform equalizing circuit 1 2A. 
[0037] In this embodiment the example of the oper- 
ation according to the ZF algorithm. However, other 
known adaptive equalizing algorithms such as MSE 
(mean square error) algorithm are applicable. 
[0038] Fig. 7 is a graphical drawing of this embodi- 
ment showing a histogram of aAJ coding result 
[0039] When the signal to noise ratio is sufficient 



and symmetry of the reproduced signal is enough, there 
is a tendency that the sampled values converge on the 
equalizing target values U, Mil, 0, -ML, and -L, so that it 
is sufficient that the equalizing target values can be 
5 used as the prediction values for the metric operation in 
the Vrterbi decoder 19. 

[0040] On the other hand, when the signal to noise 
ratio is insufficient and symmetry of the reproduced sig- 
nal is not enough, rt is insufficient that the equalizing tar- 

io get values are used as the prediction values for the 
metric operation in the Vrterbi decoder 19 because a 
sufficient decoding characteristic cannot be obtained. 
[0041] Fig. 7 shows such a condfflon. In this case, 
that is, when the symmetry is insufficient or waveform 

is equalization is insufficiently effected, the prediction val- 
ues for the metric operation is changed from the (predic- 
tion) target values U, MU, 0 -ML, and -Lin accordance 
with the equalized waveforms (equalizing error) to 
improve the decoding characteristic of the Vrterbi 

20 decoder 19. 

[0042] The prediction data controlfing and equaliz- 
ing error operation circuit 20 generates the prediction 
values for the metric operation and supplies prediction 
values to the Vrterbi decoder 19 as follows: 

25 [0043] The prediction data controlling and equaliz- 
ing error operation circuit 20 operates the equalizing 
error ek to aAJ-converted values from the a/d converter 
1 8 and obtains an average of the equalizing errors ek to 
the equalizing target values U, MU, 0, -MU and -L 

30 Moreover, the average of the equalizing error ek is 
obtained during obtaining the equalizing error and the 
prediction values are obtained by correcting the target 
values U, MU. 0. -ML. and -L 
[0044] The prediction data controlfing and equal iz- 

35 ing error operation circuit 20 and the tap coefficient con- 
trol circuit 21 can be formed witti discrete circuits such 
as multipliers and adders. However, it is also possible to 
form these circuits with microprocessors. 
[0045] Fig. 8 is a graphical drawing of this embodi- 

40 ment showing a relation between the signal to noise 
ratio and the error rate according to this embodiment, 
wherein a prior art relation is also shown for reference. 
[0046] In Fig. 8, the characteristic curve A shows 
the prior art relation between the signal to noise ration 

45 and the error rate and the characteristic curve B shows 
a rel ation between the signal to noise ratio and the error 
rate according to this embodiment using five prediction 
values for the Vrterbi decoding. As clearly understood 
from the characteristic curve B in Fig. 8, the decoding 

so apparatus of the first embodiment improves the error 
rate to the signal to noise ratio. 

(SECOND EMBODIMENT) 

55 [0047] Fig. 9 is a btockcfiagram of a decoding circuit 
of a second embodiment The decoding circuit of the 
second embodiment is substantially the same as that of 
the first embodiment. The difference is that the binary 
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coding circuit 15 and the automatic sGcer 16 are omit- 
ted, the PLL circuit 17 is replaced with a data estimating 
PLL circuit 22 and the a/d-converter 18 is responsive to 
a sampling clock signal instead the bit synchronizing 
clock. 

[0048] In this embodiment the frequency of the 
sampling clock signal is slightly higher than that of the 
bit synchronizing signal. The a/d converter 18 converts 
the output of the waveform equalizing drcurt 12Aatthe 
frequency sampling clock signal. The a/d converted sig- 
nal is supplied to the data estimating PLL 22 which gen- 
erates the bit synchronizing clock signals to supply it to 
the Viterbi decoder 1 9 and estimates the data at the tim- 
ing of the bit synchronizing clock signal. The estimated 
data outputted from the data estimating PLL 22 is sup- 
plied to the prediction data controlling and equalizing 
error operation circuit 20 and the Viterbi decoder 1 9. 
[0049] In this embocf merit, the a/d-converting is 
performed after removing the waveform distortion by the 
waveform equalizing drcurt 12A. However, it is also pos- 
sWe to a/d-convert the output of the gain-controlled 
amplifier 11 before the waveform equalizing circuit 12A. 
[0050] Figs. lOAto 10E are time charts of the sec- 
ond embodiment illustrating the operation of the data 
estimating PLL circuit 22. The output of the waveform 
equalizing droit 12A is a/d-converted at time k- 1, k, 
and k + 1 in response to the sampling clock signal as 
shown in Figs. 10A and 10C. A zero-cross point is 
detected between the data streams Xk-1 and Xk. This 
poim provides a phase point which corresponds to a ris- 
ing edge of a bit clock shown in Fig. 10A. Using this 
phase point, the data estimating PLL circuit 22 provides 
PLL operation with a loop filter and a VCO (not shown) 
in the data estimating/PLL circuit 22. This PLL operation 
and a logic operation (not shown) generates a second 
bit synchronizing dock as shown in Fig. 10D. 
[0051] In response to the bit synchronizing clock 
signal, the data estimating PLL circuit 22 estimates the 
data at the rising edge of the bit synchronizing dock sig- 
nal. 

[0052] The data is estimated by the linear interpo- 
lating or the convolution operation from the sampled 
data. More specifically, in Fig. 1 0A, data S*n is obtained 
from data Xk-1 and data Xk and data S^h-I is obtained 
from the data Xk and Xk+1 as shown in Rg. 10E. 
[0053] With the estimated data from the data esti- 
mating PLL circuit 22 and the bit synchronizing dock, it 
is possible to generate the prediction values for the 
Viterbi decoder 19 and the tap coefficient signal for the 
waveform equalizing drcurt 12A as similar to the first 
embodiment. 

[0054] Moreover, if the a/d-converting is performed 
before the waveform equalizing drcurt 12A, the similar 
operation is provided. 

[0055] Fig. 14 is a block diagram of the data esti- 
mating PLL drcurt 22 according to the second embodi- 
ment. 

[0056] The data estimating PLL droit 22 includes a 



sample interpolation drcurt 61 for interpolating the sam- 
pled data Xk in response to the sampling dock signal, a 
reproduced bit synchronizing dock generator (phase 
detector) 62 for generating the reproduced bit synchro- 

5 rrizrng dock signal and a phase error signal, a digital 
loop titer 63 for filtering the phase error signal in 
response to the sampling dock signal, and a digital 
VCO 64 for generating the bit synchronizing phase sig- 
nal in accordance with the filtered phase error signal in 

w response to the sampling clock signal. 

[0057] The data Xk sampled by the a/d converter 18 
and the bft synchronizing phase signal (data point 
phase) are supplied to the sanrpJe interpolating drcurt 
61 which predicts the data value S"k from the data Xk 

75 and the data point phase by linear interpolation or the 
convolution operation. 

[9058] The reproduced bit synchronizing dock gen- 
erator 62 generates the reproduced bit synchronizing 
dock signal and the phase error signal from the data 

20 point phase (bit synchronizing phase signal) and the 
sampling dock signal. Because the frequency of the 
sampling dock signal has higher than that of the bit syn- 
chronizing dock signal, the reproduced bit synchroniz- 
ing clock signal is generated such that pulses of the 

25 sampling dock signal are thinned. 

[0059] The phase detection can be detected 
because the zero level of the output of the waveform 
equalizing droit (Rg. 10A) represents the data print 
phase. That is, as shown in Fig. 10A, the interpolation 

30 result S A between the data Xk-1 and Xk is zero in the in- 
phase condition. However, if the interpolation result S A 
is not zero, the value of the interpolation result S A repre- 
sents a phase error signal which is outputted by the 
reproduced bit synchronizing dock generator 62 and 

35 supplied to the digital VCO 64 via the digital loop filter 
63. The digital VCO 64 generates the bit synchronizing 
phase signal with the data point phase compensated in 
accordance with the phase error signal to provide the 
PLL operation. 

40 [0060] In the above-mentioned embodiments, the 
prediction data used tor the metric operation in the 
Viterbi decoding is operated in accordance with distr bu- 
tton of sampled values off the equalized waveform to 
provide optimum values of the prediction data for the 

45 metric operation. Moreover, the equalizing error is oper- 
ated from the equalized waveform and a target equaliz- 
ing values to adaptively change the frequency 
characteristic of the waveform equalizing drcurt to 
reduce the equalizing error. 

50 

Claims 

1. A decoding apparatus for decoding a signal repro- 
duced from an optical disc, the apparatus compris- 
55 ing: 

automatic gain control means for controlling an 
envelope level of a waveform of said signal to a 
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predetermined level; 

waveform equalizing means having a fre- 
quency characteristic for waveform-equalizing 
said signal from said automatic gain control 
means to remove reproduction waveform das- s 
tortion of said signal, said frequency character- 
istic being changed in accordance with at least 
a tap coefficient; 

binary coding means for binary-coding an out- 
put of the waveform equalizing means; w 
a phase-focked-loop circuit for generating a bit 
synchronizing clock signal on the basis of an 
output of said binary cooing means; 
a/d converting means for a/d-converting an 
output of said waveform equalizing means in is 
response to said bit synchronizing cfock signal; 
Vrterbi decoding means including metric opera- 
tion means for Viterbklecoding said output of 
the a/d converting means in response to said 
bit synchronizing clock signal to output a bit 20 
stream, said metric operation means generat- 
ing a metric operation result from an output of 
the aAJ-converting means and prediction data, 
said Vrterbi decoding means Viterbklecoding 
said output of said a/d converting means with 25 
said metric operation result; 
operating means for operating an equalizing 
error from the output of a/d converting means 
and waveform equalizing target data; 
coefficient generation means for generating 30 
said tap coefficient from said equalizing error to 
minimize the equalizing error; and 
means for operating said prediction data in 
accordance with said output of said aAJ con- 
verting means. 35 

2. A decoding apparatus for decodng a signal repro- 
duced from an optical disc comprising: 

automatic gain control means for controlling an 40 
envelope level of a waveform of said signal to a 
predetermined level; 

waveform equalizing means having a fre- 
quency characteristic for waveform-equalizing 
said signal from said automatic gain control 45 
means to remove reproduction waveform dis- 
tortion of said signal , said frequency character- 
istic being changed in accordance with at least 
a tap coefficient; 

a/d converting means for a/d-converting an so 
output of said waveform equalizing means in 
response to a sampling cfock signal; 
bit clock operation and data estimating means 
responsive to said sampling clock signal for 
operating a bit synchronizing clock position ss 
from an output of said a/d converting means to 
generate a bit synchronizing clock signal and 
estimating a level of an output of said a/d con- 



verting means at said bit synchronizing clock 
position to ouipui esomatea oata, 
Vrterbi decoding means including metric opera- 
tion means for Vrterbi-decoding said output of 
said a/d converting means in response to said 
bit synchronizing cfock signal to output a bit 
stream, said metric operation means generat- 
ing a metric operation result from an output of 
said a/d-converting means and prediction data, 
said Vrterbi decoding means VrterbkJecoding 
said output of said a/d converting means with 
said metric operation result; 
operating means for operating an equalizing 
error from said output of said a/d converting 
means and a waveform equalizing target value; 
coefficient generation means for generating 
said tap coefficient from said equalizing error to 
minimize the equalizing error; and 
means for operating said prediction data in 
accordance with said output of said a/d con- 
verting means. 
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FIG. 6 
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